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DEFORMATION BASED SEISMIC DESIGN OF CANTILEVER 
RETAINING WALLS  
 
Case studies have reported failure of cantilever retaining walls under earthquake 
loading due to lack of sufficient understanding on the seismic design of these structures. 
As damage can be quantified better in terms of displacements, the primary aim of the 
current study is to propose displacement-based design methodology for cantilever 
retaining walls with due consideration to sliding and rotational failure modes. At 
present, practitioners analyze and design these walls like gravity retaining walls by 
considering vertical column of soil above the heel of wall to be part of wall. 
Experimental investigations have documented the formation of v-shaped rupture planes 
in the backfill evolving from the heel of wall. This v-shaped mechanism is primarily 
responsible for deformations in these walls which has been simulated in the current 
study by developing a simplified analytical model, i.e., double wedge model. This 
model computes seismic sliding displacements of these walls due to the applied 
earthquake motion and the tangential downward movement of soil wedge along the 
rupture planes. This rigid-plastic model considers wall with adjacent locked soil mass 
and soil wedge to traverse with distinct dynamic yield accelerations on non-deformab le 
base. In practice, two different possible cases depending upon the intersection and non-
intersection of rupture plane with the wall-stem has been simulated by model.  
A two-dimensional plane strain FE model has been developed to understand the 
rotational behavior of cantilever walls. Analysis has been performed on six different 
classes of foundation soil defined by AASHTO. Many retaining walls are placed on 
class C type of foundation soil representing medium-dense sand, this soil type has been 
considered in the further simulations. In order to capture interface deformability at 
lower PGA, bilinear curve has been proposed to compute equivalent base-interface 
friction angle. To compute residual and peak rotational displacements at the top of wall 
in simplified manner, residual displacement factor and peak displacement factor have 
been proposed as 2 and 3, respectively, to be multiplied with sliding displacements 
computed from double wedge model. These factors have been determined based on the 
rotational displacements from 144 cases of FE model.  
Past case-histories have also witnessed the failure of walls provided with shear 
key under earthquake loading. There exists ambiguity about position of shear key and 
slip plane to be considered in the analysis. From dynamic analysis, the shear key below 
the heel of wall has been deduced as the suitable location and the slip plane has been 




extended by considering the passive resistance due to shear key and slip line at the depth 
of shear key. By analyzing 64 different cases, the residual displacement factor and peak 
displacement factors have been proposed as 2.5 and 3.5, respectively, to compute 
residual and peak in-plane rotational displacements of wall with shear key.  
Further, a displacement-based seismic design methodology using LRFD 
framework is proposed for retaining walls with and without shear key. It accounts for 
the uncertainties associated with the variation in earthquake characteristics getting 
reflected in the deformation response of wall. Two different approaches of factoring 
load and factoring displacements have been explored and compared by considering 30 
different earthquakes, each scaled to 4 different PHAs, 0.16g, 0.24g, 0.36g and 0.48g. 
The approach of factoring load is found to be a more suitable approach and accordingly, 
load factors for 0.16g-0.25g, 0.26g – 0.35g, 0.36g-0.45g and beyond 0.45g have been 
proposed as 1.5, 1.3, 1.1 and 1, respectively, corresponding to  15% probability of 
exceedance for wall without shear key. For walls with shear key, load factor of 1.25 for 
PGA less than 0.45g and that of 1 for PGAs greater than 0.45g have been proposed.  
The same factors have proved to be applicable for the rotational displacements as well. 
As a much simpler alternative, design charts based on double wedge model have been 
proposed by relating displacements to the ratio of length of heel L and height of wall 
H. Subsequently, equations have been proposed to estimate the minimum heel-length 
to be provided for the earthquake peak ground acceleration and peak ground velocity 
expected on site. Further, simple equations are proposed to estimate the subsidence 
extent and depth of backfill for the desired L/H ratio of wall, where H is the height of 
wall. A simplified LRFD-based methodology using design charts has been also 
proposed for the convenience of engineers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
